The appearance of Clostridium botulinum type E organisms and of toxin in experimentally inoculated packages of turkey roll was followed to study the A surge of interest in Clostridium botulinum has followed in the wake of type E botulism outbreaks throughout the world during the last decade (1, 4, 7). The study of botulism in foods usually involves (i) demonstration of a typespecific toxin by the use of animal neutralization tests and (ii) cultural procedures to isolate and identify the microorganism. These procedures are very time-consuming, and the frequent gross contamination of the specimens not only reduces the probability of successful isolation but may adversely affect the successful demonstration of toxin. The development of fluorescent-antibody (FA) techniques for the identification of a wide variety of microorganisms led us to investigate the feasibility of adapting such a method to the detection of vegetative C. botulinum cells in foods (8) .
The appearance of Clostridium botulinum type E organisms and of toxin in experimentally inoculated packages of turkey roll was followed to study the time relationship between the presence of vegetative cells and the demonstration of toxin. The presence of vegetative cells was determined by immunofluorescence, and animal tests were used to assay toxin production. Growth initiated from detoxified spores of C. botulinum type E resulted in toxin formation within 24 hr. Presence of fluorescing vegetative cells and of toxin coincided from 1 to 14 days of incubation. Beginning with the next testing date, day 21, differences were observed. Toxin could be detected for a longer time than vegetative cells. Neither toxin nor organisms could be found after 56 days of incubation. The mouse lethal dose tests (MLD per gram of turkey roll) showed fluctuations in the amount of toxin present throughout the period of testing. Maximal amounts of toxin were present during the period when fluorescing organisms were also more numerous. The applications of immunofluorescence in the study and in the diagnosis of botulism is discussed.
A surge of interest in Clostridium botulinum has followed in the wake of type E botulism outbreaks throughout the world during the last decade (1, 4, 7) . The study of botulism in foods usually involves (i) demonstration of a typespecific toxin by the use of animal neutralization tests and (ii) cultural procedures to isolate and identify the microorganism. These procedures are very time-consuming, and the frequent gross contamination of the specimens not only reduces the probability of successful isolation but may adversely affect the successful demonstration of toxin. The development of fluorescent-antibody (FA) techniques for the identification of a wide variety of microorganisms led us to investigate the feasibility of adapting such a method to the detection of vegetative C. botulinum cells in foods (8) .
In experiments to determine whether type E C. botulinum could produce toxin in a variety of vacuum-packed foods which were experimentally inoculated with spores, the only packaged sample supporting spore outgrowth and toxin development at 30 C after 11 days of anaerobic incubation was turkey roll (9) . The use of a direct FA method on the 11th day of incubation failed to reveal the presence of fluorescent cells in the turkey roll which contained toxin. However, other meat products which were negative for toxin contained fluorescent organisms. This observation stimulated interest in studying concurrently the growth of C. botulinum vegetative cells and toxin production in the turkey roll.
The purpose of this investigation was to assess the value of immunofluorescence for screening food specimens incriminated in suspected outbreaks of botulism by determining: (i) how early and how long toxin (as detected by animal tests) was present, (ii) how early and how long vegetative cells could be detected by immunofluorescence, and (iii) the relationship between these two phenomena.
MATERIALS AND METHODS
A culture of C. botulinum type E (KA-2) was obtained from the National Communicable Disease Center (NCDC), Atlanta, Ga. The method of preparing spores was described elsewhere (9) . Washed spores were heated at 65 C for 30 min prior to inoculation into the turkey roll. Heating was necessary to destroy any heat-labile toxin which may have been initially present.
The contents of the sliced turkey roll were: pressed dark and white meat, gelatin, salt, milk, sugar, dextrose, monosodium glutamate, spices, flavorings, and pepper. All packages were vacuum-packed, weighed 128 g per package, and were from one commercial lot. A chemical analysis of the turkey roll was presented previously (9) .
The method used for testing the turkey roll was as follows. All packages of turkey roll were inoculated by pipetting a known number of spores of C. botulinum type E between the slices of meat. The inoculum was introduced through one corner of the package which had been cut off and then closed with a sterile cotton plug. Inoculated samples were incubated at 30 C in a Case-Anaero Jar (Case Laboratory Inc., Chicago, Ill.) in an atmosphere of 95% N2 and 5% CO2 .
On designated days, i.e., 0 to 14, 21, 28, 43, 56, duplicate packages were removed from the jars. A 50-g quantity from each sample was weighed, and a 1:3 dilution was made with 0.1 M phosphate buffer (pH 6.5) containing 0.2% gelatin (3). The sample was mixed for 20 min by use of a Kahn shaker. From this mixture, (i) a portion was centrifuged, and the supernatant fluid was tested for the presence of toxin;
(ii) smears were made for a direct FA test; and (iii) an enumeration of C. botulinwn organisms was performed by use of 5% egg yolk-agar plates (9) . To determine the presence of toxin, trypsin was added to the supernatant fluid to give a final concentration of 0.1% (6) . The trypsinized supernatant fluid was incubated for 60 min at 37 C. Antitoxins to types A, B, and E (NCDC) were diluted 1:5 with gelatin-phosphate buffer (pH 6.5). A 1.5-ml amount of diluted antitoxins was mixed with an equal volume of trypsinized supernatant fluid and held at room temperature for 30 min prior to inoculation. Portions (1 ml) of antitoxin-supematant mixture were inoculated intraperitoneally into two 18-to 21-g white Swiss mice. Pairs of mice were also inoculated intraperitoneally with 0.5 ml of heated (100 C for 10 min) and unheated trypsinized supernatant fluid. All mice were observed for 96 hr.
In an attempt to estimate the quantity of toxin present on progressive days, all samples showing toxicity and specific neutralization with C. botulinum type E antitoxin were re-examined for minimal lethal dose (MLD). The RESULTS AND DIscussIoN With the presence of toxin as the criterion, the results of a preliminary study presented in Table  1 show that a spore inoculum equivalent to 1 spore/g of food was the minimal number needed for toxigenesis to occur in packages of turkey roll under the experimental conditions selected. Accordingly, packages of turkey roll were inoculated with this minimal inoculum and incubated anaerobically at 30 C.
Samples were removed on designated days and were examined for the presence of toxin and fluorescent organisms ( Table 2 ). The uninoculated control samples and the inoculated 0-day samples were negative for both C. botulinum type E toxin and fluorescing cells. Samples which were positive by the immunofluorescent method after the 1st and 2nd day of incubation were found also to contain demonstrable amounts of toxin. The presence of fluorescent vegetative cells corresponded with the presence of toxin during a period extending from the 1st to the 14th day of incubation. After the 14th day, this correlation was no longer observed.
The number of fluorescent organisms per microscopic field increased rapidly to day 4 and then gradually decreased, so that on day 28 only one organism was observed on the entire slide. Toxin was detected on each sample tested up to day 43 but not at day 56.
The failure of the FA test to detect vegetative cells in all of the toxin-positive samples may be due to a decrease in the number of organisms or to a change in the antigenic characteristics of the cells. The brightest fluorescence is commonly given by young vegetative cells, and the brightness sometimes decreases as the cells grow older and eventually lyse. A possible explanation of the presence of toxin long after vegetative cells are no longer numerous could be that trypsin activates protoxin in nonproliferating, degenerating C. botulinum type E cells (6). 0  0  0  0   1  1  1  3  2  1  1  3  3  2  2  12  4  2  2  24  5  2  2  12  6  2  2  24  7  2  2  48  8  2  2  60  9  2  2   30  10  2  2  15  11  2  2  36  14  2  2  72  21  0  2  36  28  lb  2  15  43  0  1  6 The maximal toxin concentration was reached during the period when the maximal number of fluorescing organisms was also present. However, the MLD per gram of food showed fluctuations in the amount of toxin present throughout the incubation period. The instability of C. botulinum type E toxin is well recognized (5) . The day to day fluctuations in the amount of toxin may be related to the instability of type E toxin caused by action of proteolytic enzymes produced by other organisms and by the titration procedure. The attempts to detect type E toxin by activation with trypsin may have resulted in a decreased rather than an increased titer in some cases, possibly because the toxin already had been activated by proteolytic enzymes in the culture and the trypsin merely degraded the toxin molecule (5) .
Attempts to enumerate lecithinase-positive colonies on 5% egg yolk-agar plates were unsuccessful, apparently because of the relatively small number of C. botulinum organisms compared with the microflora originally present in the turkey roll. The staining of C. botulinum organisms with labeled antiserum is well suited to research situations where known materials and controlled experimental conditions are used to study the many facets of the botulism problem.
In summary, the results of this investigation indicate that (i) the presence of fluorescing type E vegetative cells and the presence of type E toxin can be detected within 24 hr, (ii) type E toxin is inactivated during prolonged incuba- 
